Objective: To examine the effect of a problem-based learning (PBL) curriculum on self-directed learning behaviors among a group of pediatric residents.
Results: There were no significant preexposure differences in self-directed learning behaviors between the groups. During the exposure phase, the PBL group had significantly higher self-directed learning: 5 or more hours of independent study (2% vs 7%) (P =.001); 5 or more hours of medical discussions (28% vs 4%) (P=.008); 2 or more computer literature searches (51% vs 30%) (P=.005); and total hours of self-study per week (6 vs 4 hours) (PϽ.05). At the 3-month follow-up, the PBL group had returned to baseline levels of self-directed learning and there were no significant differences between the groups.
Conclusion: Residents exposed to PBL engaged in significantly higher levels of self-directed learning than their counterparts.
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P R O B L E M -B A S E D learning
(PBL) has emerged as a prevalent teaching technique in medical schools, especially during the preclinical years. 1 Problem-based learning seeks to increase motivation for self-directed learning by presenting a relevant problem to a group of learners. The process of solving the problem requires that members of the group engage in independent reading and research. Proponents of PBL maintain that during such a process, the innate desire of a group of learners to solve a problem can be used as motivation for self-directed learning. To date, very little has been published to support this theory in the residency setting.
One of the goals of postgraduate medical education is to prepare physicians to be lifelong learners, self-directing their own learning after residency. Despite this, the use of PBL in postgraduate education has been sporadic and limited. [2] [3] [4] [5] The effect of PBL on self-directed learning among residents has not been studied. Thus, this study was designed to test the hypothesis that the introduction of a PBL curriculum would result in enhanced self-directed learning behaviors among a group of pediatric residents.
RESULTS
Compared with the lecture group, a significantly higher percentage of residents in the PBL group studied for 5 or more hours per week (26% vs 7%) (P=.001); engaged in 5 or more hours of medical discussions per week (28% vs 4%) (P = .008); and performed 2 or more computer literature searches per week during the exposure phase (51% vs 30%) (P=.005). At followup, self-directed learning in the PBL group had returned to baseline and there were no significant differences between the groups ( shows that for the PBL group during exposure, there was a significant increase in the mean total weekly self-directed learning hours (6 vs 4 hours) (PϽ.05).
On a 5-point satisfaction scale (with 5 as the best score), residents gave the PBL series a rating of 4.6, while the lecture series was rated as 3.3.
COMMENT
This is the first report to demonstrate that participation in PBL resulted in significant increases in self-directed learning behaviors in the postgraduate setting. We found that a group of residents who were exposed to PBL showed significant increases in the amount of time devoted to independent study, the amount of time spent in medical discussions, and the number of computer literature searches that were done. However, our findings also suggest that the gains in self-directed learning behaviors might be short lived. It is unclear whether residents who have prolonged or ongoing exposure to PBL would sustain the improvement in self-directed learning behaviors. In addition, it would be of interest to study whether the enhanced self-directed learning behaviors would resurface if another mechanism for self-assignment of research topics were instituted in the ambulatory setting. Ն5 h of study 3 (7) 3 (8) 10 (26) 
12 (30) 11 (28) 20 (51) † 12 (30) 4 (9) 3 (8) *PBL indicates problem-based learning group; LBL, lecture-based learning group. †PϽ.01.
MATERIALS AND METHODS

PROGRAM DEVELOPMENT
As a first step, one of us (J.C.) was trained in the PBL teaching method by Howard Barrows, MD, at Southern Illinois University, Springfield. Subsequently, an 8-hour-long faculty development course was developed at our institution. All faculty members in our department were invited to volunteer to participate in the course. All volunteers were accepted. One hundred five faculty members took part in the course over a 4-year period. These trained facilitators served as the pool of faculty for the residency PBL experience. Using the established core lecture series as a template, we designed a PBL curriculum by choosing topics that lent themselves to the PBL format. Examples included "The Diagnostic Approach to the Child in Shock" and "The Child With Fever and Rash." We searched our admission records and found actual cases that illustrated these topic areas. For the selected cases, the medical records were reviewed and summarized in a sequential written format that was designed for the PBL exercise, beginning with the chief complaint and followed by the history of present illness, medical history, family/social history, review of systems, and the physical examination, in that order.
PBL SESSIONS
We employed the 2-part closed-loop reiterative model of PBL that has been identified by Barrows 6 as the best model for promoting self-directed learning. In this model, learners are presented with a clinical problem with no prior preparation. A faculty facilitator provides no factual information, but helps the group probe their current knowledge and stay on the task of solving the patient's problem.
The first PBL meeting occurred at the beginning of the week and began with the presentation of the chief complaint of the patient. This was followed by a discussion of the differential diagnoses. Next, a summary of the rest of the history was read. Then there was a group discussion aimed at generating a list of problems, defining learning issues, and ranking the differential diagnoses. After this, the findings on physical examination were then made known; this helped the group in refining the differential diagnosis. Finally, there was the self-assignment of the learning issues that had been generated during the session. These learning issues involved further information that the group felt it needed to have to solve the patient's problem. After a break of several days to allow for research and reading, the second meeting began with reports on the self-assigned learning issues. There was further discussion of the differential diagnosis based on the new information. The group generated an action plan of laboratory tests and patient treatment. Laboratory reports for the planned tests were then revealed and a final discussion ensued. After the group committed to a specific diagnosis, the patient's actual diagnosis was made known. The sessions ended with a review of the case and a discussion of any errors that the group might have made along the way.
During the study period, residents completed 4 PBL cases per month.
SETTING/DESIGN
The study was based in a large tertiary academic medical center with 85 pediatric residents. Eighty pediatric The percentage of residents from both groups performing computer literature searches dropped during the follow-up period. We are not sure why this happened. A speculation might be that the fatigue and increased clinical demands associated with the winter months were contributing factors. We did not ask residents to identify the location from which they performed their literature searches. However, in addition to the medical center's library resources, we have computer terminals with Internet access located on the wards and in the ambulatory setting.
Outcome variables that have been used to assess PBL in the past have included student satisfaction, student performance on standardized tests or problem-solving paradigms, student motivation to learn as demonstrated by topics covered, and self-directed learning as demonstrated by use of library and other materials. 4, 5, [7] [8] [9] [10] In the residency setting, Schwartz et al 4 showed a high level of satisfaction among surgical residents engaged in PBL. In another study, attendance at PBL was highly correlated with performance on the American Board of Surgery In-Service In Training Exam. 5 Itani et al 5 speculated that this finding might have been the result of enhanced self-study on the part of residents engaged in PBL, but they did not establish this link. Our findings strongly support the association between PBL and enhanced self-directed study.
A limitation of our study is that we relied on selfreports by residents and could not independently verify the behaviors that were being reported. However, we believe that this limitation is partially controlled for by the fact that we administered the same questionnaire to the same group of residents at several intervals both preintervention and postintervention. Moreover, the residents were unaware of the study hypothesis. We found that residents were very willing to report low levels of self-directed learning behaviors. As an example, approximately 30% of residents in both groups consistently reported studying for less than 1 hour per week. The fact that residents were quite willing to report such low levels of self-directed learning activity gives us some confidence in the honesty of the self-reports. We believe that this level of reporting was encouraged by the fact that the questionnaires were anonymous. residents on active rotations were enrolled in the study. We performed a time-series cohort analysis of an intervention group with a comparison group. A self-administered questionnaire was developed to measure the self-directed learning behaviors of each resident according to our operational definition described below. The study was designed to include 3 distinct periods of observation each of 3 months' duration: pre-exposure, exposure, and follow-up. During the pre-exposure period (July-September 1998), all 80 residents participated in a lecture series. Baseline self-directed learning behaviors were assessed in September 1998. During the exposure phase (October-December 1998), 39 residents (PBL group) were exposed to twice-weekly PBL sessions. The PBL group was made up of residents on inpatient rotations at the central residency site. For this group, PBL was substituted for noon lectures and occurred twice weekly. This group had weekly self-assigned learning issues derived from the PBL meetings and includes residents with a minimum of 1 and a maximum of 3 months of PBL. At the end of each monthly rotation, self-directed learning was measured using the same questionnaire. Forty-one residents on other concurrent rotations served as a comparison group. These residents continued to receive daily noon didactic lectures and were designated as the lecture-based learning group. The lecture-based learning group consisted of residents on ambulatory rotations at the central site plus residents on rotations at another training facility affiliated with the residency program. The lecture-based learning group had no formal self-assigned research topics. Self-directed learning behaviors were assessed at the end of each month.
The PBL intervention was withdrawn in December 1998. During the follow-up period (January-March 1999), all residents returned to the daily lecture series. Selfdirected learning behaviors were reassessed in March 1999.
In addition, we assessed residents' satisfaction and opinions about PBL and the lecture series using a 5-point Likert scale. Complete data were available on all 80 subjects.
DEFINITIONS
Self-directed learning was operationally defined as the average time per week that a resident spent in (1) independent study of medical text and journals; (2) medical discussions with colleagues, outside of scheduled didactics (including PBL) and teaching rounds; and (3) performing computer literature searches. The period of recall assessed was the preceding month. For example, each resident was asked to answer the following question: "On average over the past 1 month, how many hours per week did you spend in performing computer literature searches?"
STATISTICAL METHODS
Data were maintained in SPSS 9.0 statistical software (SPSS Inc, Chicago, Ill). Comparisons of percentages between PBL and lecture-based learning groups were done using 2 or Fisher exact test as appropriate for dichotomous variables. Cut points for statistical analysis were determined prospectively based on pilot data on residents' self-directed learning while field-testing the questionnaire.
